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^endments *<> the Ciaims; 

niis listing of claims wUl rq>lBce all prior versions, and listings, of claims in the appUcation: 



I Wtmi, nf Claims! 

1 . (original) A non-volatile memory oeU comprising: 

a substantially single ctystamne substrate of a Brst conductivity type having a 

planar surface; 

a trench in said planar surfece, said trench having a side wall and a bottom; 
a floating gate in said trench spaced apart and insulated from said sidewall and 
from said bottom; said floating gate having a tip away fiom said bottom; 

a first region of a second conductivity type in said bottom; 

a second region of a second conductivity type along saidplanar surfece. spaced 

apart from said first region; 

a chamiel region between said first region and said second region, said channel 

region along said sidewall; 

a control gate c^acitively coupled to said floating gate and capable of effecting 

erase; and 

a tunnel material between said tip and said control gate. 

2. (original) The memory cell of claim 1 wherein said tunnel material is a tunnel 

oxide. 

3. (original) The memory cell of claim 2 wherein said tunnel oxide pennits Fowler- 
Noidheiro tunneling of charges from said floating gate to said control gate. 

4. (original) The memory ceU of claim 1 further comprising an insulation material 
between said floating gate and said sidewall of said trench, said insulation material pennitting 
injection of hot channel electrons fiom said channel region to said floating gate. 



EMS7)92057.1 2 

PA6E3l9*RCVDAmli05 6:(l9:12PM[EastemDayGghtTim^^ 



08/24/2065 1 5;08 FAI 850 833 2001 DLAPRGC US LLP 18004 



Attorney Docket No.: 2102397-993000 

5. (origjiial)Anaiiayofnon-volatilemeraoiycellfiinawbstantidlyfflngte 
crystalline substrate of a fiist conductivity type having a planar sutfece, said array comprising: 

a plurality of discontinuous trenches in said planar surface, spaced apart and 
substantially parallel to one another extending in a first direction; each of said discontinuous 
trenches having two sidewalls and a bottom and being discontinuous in said first direction by a 

plurality of isolations; 

a first floating gate in each trench spaced apart and insulated fiom a first sidewall 

and fittm saidbottom; said first floating gate having a tip away from said bottom; 

a second floating gate in each trench spaced apart and insulated from a second 
sidewall and from said bottom; said second floating gate having a tip away from said bottom; 

a first region of a second conductivity type in said bottom of each trench; 

a second region of said second conductivity type along said planar surface; 

a channel region between each of said first region and said second region, said 
channel region along said first and second sidewall; 

a phirality of control gates, each control gate extending in a second direction, 
substantially perpendicular to said first direction, extending over a pluiabty of tips of aplurdity 
of floating gates and insulated therefirom; and 

a tunnel material between said plurality of tq>s and said control gate. 

6. (origuial) The array of chum 5 wherein said tunnel material is a tunnel oxide, 

7. (original) ThB array of claim 6 wherein said tunnel oxide permits Fowler- 
Nordheim timneling of charges from said floating gales to said control gate. 

8. (original) The array of claim 5 flirther comprish^ an insulation material between 
said first floating gate and said first sidewall of said trench, said insulation material permitting 
ii^ection of hot channel electrons from said channel region to said first floating gate. 

9. (original) The array of claim 8 flirther comprising said insulation material 
between said second floating gate and said first sidewall of said trench, said insulation material 
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penmtting injection of hot channel elections fiom said chjoinel region to said second floating 



10. (original) A non-volatile memory device in a suhstantially single crystalline 
substrate of a fiist conductivity type having a planar surface, said device comprising: 

an array of non-volatile memory ceUs aixanged in a plurality of rows and 

coluoms; wherein each cell comprising: 

a trench in said planar surface, said trench having a side wall and a 

bottom; 

a floating gate in said trench spaced apart and insulated from said sidewall 
and from said bottom; said floating gate having a tip away ftom said bottom; 

a firet region of a second conductivity type in said bottom; 

a second region of a second conductivity type along said planar surface,- 

spaced apart from said first region; 

a channel region between said first region and said second region, said 

channel region along said sidewalU 

a control gate spaced apart fixim said tip and o^acitively coupled to said 

tip; and 

a tunnel material between said tip and said control gate; and 
wherein cells in adjacent columns share a common trench to one side and a 

common second region to another side; 

wherein cells in adjacent rows are separated by an isolation row and wherein said 
second region in one row is connected to said second region of another row; and; 

wherein said ooutrol gate of cells in the same row are connected together, 

11. (original) The device of claim 10 wherein a control gate extends over apluraUty 
of rows. 

12. (oiigina]) The array of claim 1 1 wherein said firnnel material is a tunnel oxide. 
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13. (original) The airay of claim 12 wherein said tunnel oxide pennits Fowler- 
Noidheim tunneling of charges fiom said floating gates to said control gate. 

14. (original) The airay of claim 1 1 further comprising an insulation material between 
said first floating gate and said first sidewall of said trench, said insulation material permitting 
injection of hot channel electrons from said channel region to said first floating gate. 

15. (original) The array of claim 14 further comprising said insulation material 
between said second floating gate and said first sidewall of said trench, said insulation material 
pennitting injection of hot channel elections fiom said channel region to said second floating 
gate. 

16. (original) A NA1>JD circuit device comprising: 

a phiraKty of stacked gate non-volatile memory cells arranged in a pluraUty of 
lows and colimms; each ceU having a first terminal and second terminal with a channel region 
therebetween, a floating gate spaced ^art and insulated fixmi said chanael region, and a control 
gate oq>acitively coupled with said floating gale to effect erasure; 

wherein said cells in the same row are connected with each cell having a common 
second tcmunal with an adjacent cell to one side, and having a common first terminal with an 

a<yacent cell to another side; 

wherein cdls in the same row have the control gate connected together, and 
wherein cells in adjacent rows are separated by isolation. 

17. (original) The dewce of claim 16 wherein said first terminal is in a trench and said 
second terminal is not in a trrach. 

18. (original) Tlie device of claim 16 wherein said floating gate of cells in the same 
row are c^acitively coupled to the same control gate. 

19. (original) The device of claim 16 wherein cells in the same column have the same 
first terminal and the same second terminal. 
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20. (withdravm) A method of operatrog a stacked gate non-volatile memory cell 
having a first termmal, a second teiminal with a channel region therebetween, a floating gate 
spaced apart and insulated from said chamiel region, and a control gate insulated from said 
floating gate and capacitively coupled thereto, said method comprising: 

programming said ceU by supplying a first voltage to said second terminal, 
supplying a second voltage, more positive lhan said first voltage, to said control gate, causing 
electrons ftoro said second terminal to be inject^ onto said floating gate; 

reading said ceU by supplying a Ihird voltage tn said control gate, a fourth voltage 
to said second terminal, dififetent from said third voltage, and determining the current flow 
between said first and second tenxiinals; and 

erasing said cell by supplying a fifth voltage to said control gate, a sixth voltage to 
said first terminal, causing electrons from said floating gate to Fowler-Nordheim tunnel to said 
control gate. 

21. (withdrawn) Amethod of mamifecturing an array of non-volatile memory cells in 
a substantially single crystalline substrate of a first conductivity type having a planar suxfece. 

said method conq)ii5ing: 

forming a plurahty of trenches in said phmar surfice. spaced apart from one 
another, and substantially parallel to one snotiier in a first direction; each of said trenches having 
two sidewalU and abottom with spaced apart isolation regions in said trench; 

forming a first region of a second conductivity type in said bottom of each of said 

trenches; 

foraiing a second region of a second conductivity type on said planar surfecc 

between each trench; 

fomiing a floating gate on each of said first and second sidewalls adjacent thereto 
and spaced apart and insulated therefrom and firom said bottom; each floating gate having an end 

awray fiom said bottom; 

forming a tuimel material about said end; 

foiming a control gate on said tunnel material, substantially parallel to one 
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another in a second direction substantiaUy perpendicular to said first direction;aDd 
forming a contact to said first and second regions. 

22. (withdrawn) The method of claim 21 wherein said first region and second region 
are formed by ion implantation. 

23. (withdrawn) The method of claim 22 wherein said contact to said first region is 
fonned through said control gate. 

24. (withdrawn) The method of claim 22 wherein said contact to said second region is 
formed through said control gate. 
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